Dissecting the protein-protein interface between beta-lactamase inhibitory protein and class A beta-lactamases.
beta-Lactamase inhibitory protein (BLIP) binds and inhibits a diverse collection of class A beta-lactamases at a wide range of affinities. Alanine-scanning mutagenesis was previously performed to identify the amino acid sequence requirements of BLIP for inhibiting TEM-1 beta-lactamase and SME-1 beta-lactamase. Two hotspots of binding energy, one from each domain of BLIP, were identified (Zhang, Z., and Palzkill, T. (2003) J. Biol. Chem. 278, 45706-45712). This study has been extended to examine the amino acid sequence requirements of BLIP for binding to the SHV-1 beta-lactamase, which is a poor binding substrate (Ki= 1.1 microm), and the Bacillus anthracis Bla1 enzyme (Ki= 2.5 nm). The two hotspots previously identified as important for binding TEM-1 and SME-1 beta-lactamase were also found to be important for binding Bla1. The hotspot from the second domain of BLIP, however, does not make substantial contributions to SHV-1 binding. This may explain why BLIP binds to SHV-1 beta-lactamase with much weaker affinity than to the other three enzymes. Three regions, including two loops that insert into the active pocket of TEM-1 beta-lactamase and the Glu-73-Lys-74 buried charge motif, exhibit strikingly different effects on the binding affinity of BLIP toward the various enzymes when mutated and, therefore, act as specificity determinants. Analysis of double mutants of BLIP that combine specificity-determining residues suggests that these residues contribute to the poor affinity between the second domain of BLIP and SHV-1 beta-lactamase.